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! "The Solubility Sulphate Solutions¥

KAMEYAMA Naoto
FUKUMOTO Teutomu

ANIRQIVCTION

L2 ‘ Sulphates of alkall metals or alkali-earth retals in aqueocus solution
are used as "formation solutiona" of lead acoumulator plates; therefore the
solubility of lead sulphate must influenoce the nature and capacity of the
plates after "formation". This study completely covers solublility in the
following four systems (Reports 1 and 2 treat solubility in sulfuric acid
solution. 1943, No 46, Pp 1022 = 1024)3
1, Concentration from zero to ssturation in solﬁf,iona of (NH 4)280 4} e

Nazso

4

2. Two=component solutions of 3N/liter: (M 4)2504 - H,S0 4 NAZSOA -
HyS0, 3 HgS0, = 1,0, .

2 4
3, The following system with 4N/liters sulphate concentration
NH, ),S0 = H SO = -
(i, )z L 2 4

&\ Syétem where K,S0 N is added to battery elestrolyte and xzso n - HZS('J %

used ag the "formation" solution.

CONFIBENTIAL

Femrien.
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Date on the solubility of lead sulphate was indicated in the biblio-

graphy of Report I, Subsequont reeults are inserted for refarence.
! Iast Mathods

Methods used in the following tests are identical in very reepect to
those mentioned in Report I. Reagents used were aclids tested with st to
ascertain the presence of heavy metallic elements which show & colored

precipitate.

Besulis of NMeasurement.

0
1. (NH4)2804 Solution (30°C)

Concentraticn PbSOA golubility in mg/liter
N/kg.Hzo N/1liter ﬁ:\z;:gntaht f;.’::ﬁgion avorage
(skimming)
0452 045 644 6.8 646
1,05 1,0 9.8 9.6 9.7
1,58 1.5 12.9 12.9 1249
2.5 2.0 16,6 16.6 1646
2.% 2.5 17.5 17.5 17.5
334 340 15.8 15.9 1549
3.91 345 i V37 14l L2
4465 40 2.2 - 1242
4465 40 10,4 10.1 10.2
P 4465 440 10,0 10,0 1040
| | 6404 50 . 945 9.1 943
i 8483 647 745 740 743
-3
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Theae values gonerally agree with those of Huybrechte and Ramelot ‘
(28°C) for lower concentrations.
solubility of Pb804 in
: (NH 4)280 n solutions
Our results (30°%)
Huybrechts and Ramelot (18°C)
Congentration of (Nn&)zso A (N/kg.Hao) |
24 N32504 Solution (30°C) q:
Concentration ’ PbSO; solubility in mg/1 4
N/kgH_0 N/1iter supernabant filtration average
2 method method
(ekinming)
0451 045 5e7 547 547
1.02 1.0 945 9.2 94
2.08 2.0 243 142 . R
3.13 3.0 2641 2645 2643
3.3 3.0 26,1 26,1 26,1
4e53 4R 28,46 - 28,6
L] 4 -
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Solubility of Fbs0 4 in NAZSO 4 solution

Our results (3o°c)

Huybrechts and Romelot (18°C)

Concentration of NaZSOA (N/ks.uzo)

Huybrechts' and Ramelot's values (at 189C) are sbout the samej more
accurately speaking, their temperature was lower but solubility was somewhat

larger.

Centration PbsSO, 1 solubllity in mg/liter
N/kgH,0 © N/liter gupernatant  filtration  average
(:?czg‘:;gng) mbthod
0450 045 . 540 L2 446
1,00 1.0 64l 640 642
: 2,02 240 10,0 10,0 10.0
, ‘ 2454 2e5 7.7 743 745
' ' 3406 340 505 - 545
3 3406 340 ' 546 545 546 |
5 3,60 345 52 52 502 ,

COREmENTLL I
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held 4e0 6.8 6.8 6.8 i
4eld 440 7.1 - T4l |
5,78 545 6.0 6.0 6,0
5,78 545 6ul 640 6:

Solubllity of Pbso4 in Mg::'olv solution

¥easurenent temperature 30°¢

n
Note the unique appearance of two maximums in the ocurve.

be K2504 solution (3000)

The solubility of xzsok at normal temperatures does not exceed 1.3 N/likr,

Concentration of MgSO4 (N/xge HO

The aolubility of PbSOL in xzsod solution is very slight and diffiocult
to determine on the colorimeters Therefore, we prepared a PbS=sol solution
with léeom liquid layer in a Nessler tube and compared it with the

standared solution. 1
. —

 ’i,
\5
|
|
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| Concertration Solubility of Pbsoé in mg/liter
Colorimetrically o red in
N/kg‘H?.o N/1iter Nosaler's tuge v ocmen
1,03 1.0 0.l
0476 0,75 0.1
0451 0.5 04l

The solubility of PbSO 4 in xzso 4 solution ,

Our results (30°C)
Huybrechts and Ramelot (18°C)
Concentration of xzso4 (N.kg.ﬂzo)

K* 18 similar to M{4 and Na, but surprisingly enough the solubility
of Pbsoa is very slight. This small value is in agreement with Huybrecht's

value,

- 0
5¢ Aqueous solution of the (NH4)2SO A 112804 system (30°C)

~
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\ IV SOL concentaation: 3.00 K/liter B) SO A concentration: 4.00 Efliter
()m‘)zsoL= E, 50 A solubility of PbSO A in mg/liter solubility of thl. in mg/liter
Molecular proportion supernatant filtration average supernatent filtr=tion aversge
method method method zethod
(skimming) (sicioming)
100 : O 16.0 16,1 16.1 - 10.4 101 10.2
100 : O 15.8 15.9 15.9 10.0 7 10,0 10.0
99:1 - - - 10.1 101 10.1
190 3 10 15.6 15.6 15.6 1n.2 1.2 n.2
70 330 Ul 1.4 VAV A 13.3 13.6 13.4
60 3 40 n.2 1.1 11.2 - - -
50 350 10.7 10.5 10.6 9.5 10.0 9.7
40 ; 60 10.2 10.1 10.2 2.0 - 8.0
30s 70 8.6 8.6 8.6 - - -
20 3 80 8.3 8.1 8.2 - - -
10. : 90 7.6 - 7.6 7.1 - 71
1:9 - - - 5.7 - 547
. 0 : 100 6.5 6.6 6.6 54 5.4 54
{ 0 :100 6.7 7.1 6.9 - - -
0 : 100 7.1 6.8 7.0 - - -
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CONFIGEN T31L S
Two=aomponent, Hy80 " (NH 4)2804 syatem
j The solubility of PbSOl. in an aquecus solution (at 30°C)
I
i
| (NRI’) zso ! H,80 A mo/ratio :
——i ‘
il | ’:‘;I
! 9 ;
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0
6, Aqueous solution of N12804 - H2804 (at 30°0)
80, concentrations 3,00 N/liter

The solubility of Pbaoa in an aqueous solution of
o - 8
n_zso 4 Hz 04

i
N32504 3 Hy80, mo/ratio
. :‘ w,.:.-_—,—:w -
| G
i
Eﬁ['
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b
n. Concentration, solubility of FbsO, in mg/liter ]
moleoular ratio supernatant filtration average
(2;::;gns) method
- ( 100s 0 26,1 2645 2643
10010 26,1 26,1 26,1
9% 1 2043 - 203
90 110 21,5 213 FARYA
70 1 30 13,9 - 13.9
= 50 1 50 946 9.6 9.6
30870 844 843 844
10 s 90 746 7.6 746
’ 11 99 7l Td 7.2
: 0s 100 645 6.7 646 &
* 01100 6.7 7.1 6.9 |
0 1 200 7.1 6.8 7.0 4~

* given in Report No 1
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7. Aqueocus solution of Mgso,. - H2804 systen (30%)

Concentration golubility of PbS0 in mg/l
and moleoular 4
nrabtlo ..o

Mgs0, 1 H,S0 supernatant {iltration average
4" 274 method method
(skimming)

1001 © 5.5 - 55
1003 0 5.6 545 5.6
911 10.0 9.9 10.0
90 3 10 10,0 947 9.9
70 3 30 8.0 - 8.0
, 50 1 50 5¢4 5eb S
30 70 6.8 646 6.6
10 1 90 8.9 - 8.9
L 9 945 9.7 9.6
01 100 646
6.9

*given in Report 1 7.0

Solubility of PbSO 4 in MgsO 4 - nzso£ aqueous solution

k. Mgs0, “2804 mol ratio
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The Mgso,. = uzsol‘ 8olubllity ourve and also that of Mc804 - 32804

both show two maximumes,
8. Aquoous solution of xzso‘ - 32504 systen (30%)

The solubility of Fbso4 in K2804 solution was extremely slight, This

also hold true when sto 4 was added.

concentration of solubility of

Remaxks
solution N/1iter PbSO A (mg/1iter)
xzso 4 H280 N
‘ 1,00 0 « approxs 0.1 Nessler's colorimetrie
.~ tube reading
; " formation®
1.00 0.30 042 same a8 above solution
standard
1,00 0.66 n 0.1 . pame as above
0:.10 9,46 1.7 x2504 was added to the accume ‘
040 9,89 13 ulator electrolyte, The method /

of determining Pb was the orde

inery supernatant method ‘1
( akimming ) . i

"Formation" Solution

composltion of agueous solution

—13-

. OMTENE T wes b 2oL ok
oo T PO T v s :
et SO ~
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The offect of adding KzSD4 to the eleotrolyte (1,26 = 1,28 Haso‘)

e

amount of K,80, added (§/1iter)

4

CONSILERATION OF THE RESULTS OF MEASUREVENTS
ls The shape of the solubility curvess there are no curves which

show simply decreasing aolubility with increasing SOA concentration in e

solutions The curves will show a peak and wave shape with incressing

SOI. concentration. This ie doubtlessly due to the activity cocelfioient

of PbS0 4 That is, the following relation holds for PbS%-saturnted

systems

&-= activitys m « concentration (unit of mol/Kg of nzo);

= activity ocefficient; &= scauhility product
T e g RN PRTES
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The maximums and wave=shape in the curve of P'bSOA'u aotivity coefficient
s probably due not only to the 80 4 inthe solution but also ‘to changes
4n influence of the positive ion. The authors obtained a maximum in the
ecurve of golubility in sto 4 (vide Report I), but Croockford did note
The inconsistenoy in Croockford's findings was shown in Report II.

2. Solvents of conslderable solubility

Nazso " polution indloated the groatest solubility amwng thoss solutions
tosted by the authorss The greater the concentration, the groater the
solubility of Nazso and 1ta saturated solution reached valuet 30 mg/liter

4
(PbSOl.) .

The solubility of Na.zso f 14g0lf varied oconeiderably at ordinary tems
peratures, which fact makes Na 80 4 somewhat inconvenient to use as a
"formation" solution.

If H S0, is added %o Nazso‘ the aolubility PbSO, 6 decreeses.

24 4
(NH ‘)280 i gives the highest solubility after I»lazbolb.

3, Twomcomponent Solventa
When a part of the positive ions 1s replaced with H* , the solubility
of Pb804 genorally decreases for fixed 80 A" ion concentration of the
sulphates. Preclsely speaking, however, maximums in the solubility curve
are gonerslly indicated at a certain phase during H® replacement. The
i8 espeoially true in the case of Mgso 4 A very sharp meximum is indicated
in the solubility-eurwe:of PbE0 4 when a amall amount of Mgsoz is added
to H 890, or a small am?unt of sto

R4 4
of Mgso 4 ] H280 4 1s 111 the solubility curve indicates a dip or minimum.

to MgsO 4. When the molreoular ratio

«l5 e

B
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4o Solvents of elight molubllity

When, during "formation" of the negative plate, the solubility of
?bso& 1s nlight, the lead sryatals formed on the negative plate are small
and oconsequently the capaolty of the eleotrode can be expected to be
great, which 1s in agreoment with Jamau's views (Acoumulateurs Electriques
(1928), 56). Therefore, solvents with slight aol&bllity are vorthy of
consideration,
sding to mensurementa mada by the authors, xzsoa golutions
show very small PbSOA solubility., However, even Kzso4 itself as an alkall
pulphate ia on the rather amell eide and thus its conductivity is not
great; therefore KZSOA ie inconvenient to use as a "foruation" sclution,
which fact necessitates the addition of H2804 If K 804 ie 1 N and %he
R 504 18 0466 N, then the unusual characteristice of K2§04 can be maine
toined and the solubility of Fb804 will be only 0.2 mg/1iter,

That xzsoA deoreases the solubility of PbSOa is obviously due to
"the £ormatiou of a double salte. According to M. Barre (Comptes rendus,
149 (1909)+ 294) this double salt ie FbSO,.K,S0, and when xzso,* is in
concentrations groater than the following, than a double salt formss
Temperature, °Cs 7 17 50 % 100
ccncentration of
K580, in g/100g 0,562 04620 1,095 1,373 1,695
Therefore the effect of FbS0,'s small solubility, when K2804 is used as
the "formation" solution, can be anticipated, as well as the followlng
effectsl

PbSOL oxluts =8 the orystalline double salt FbSOL.KstL , but it ie
reduced during "formation" and becomes erystale Pbj in this case the doutl e
salt decomposes and K280, returns to the solution, Therefore the variation
in moleoular volume for the reaction PbSO4.K2804 Pb is assumed to be

considerable.

-16'
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The problem of whether these effeots on the plates are asctually

good or bad must be solved in subsequent tests.

CONCLUSIONS

(1) The solubility of PbSO; in the following solutions at 30°C was

moasureds

A) (554)2564, Nap80,y Kp80,, and ligsO, for various concentrations
up to saturation,
B) (NH,);80,=H350,, NagS0,4-HS0,, MgSO4=HpSO, where S0," of two=
component Bolutions was heldffixed at 3 N/liter and/or 4 N/liter.
¢) K2804-H2804 solutionsj one having an addition of a small amount
- of 180, to K2804, the other a small addition of K280, to HZSOL'
(2) Among the above solutions, Na2504 produced the greatest. solubility

while K580, produced the leaet.

(3) The value of "formation" polutions for lead sccumulators was

disoussdad.
This research was concluded in Mareh 1938, At this time KUKUMOTO

Teutomu was 2 student at the Academy and had been transferred to this

laboratory from the YUASA Accumuletor Manufacturing Company.

| “END-=
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